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FOREWORD 


This  Design  Information  Report  was  prepared  in 
compliance  with  AF04(695)-306,  Part  I,  Item  2b 
as  amended  by  Item  VI  of  Request  for  Service 
Order  306-64-03* 


ABSTRACT 


This  report  consists  of  three  major  sections: 

(l)  a  description  of  the  LV-2A  propulsion  system, 
consisting  of  the  YLR79-NA.-13  main  engine  and 
the  LR101-NA-11  vernier  engines,  (2)  installa¬ 
tion  and  geometry  information,  and  (3)  performance 
data. 
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This  report  consists  of  three  major  sections: 
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INTRODUCTION 


The  function  of  this  report  is  to  compile  in  handbook  form  the  various 
items  of  engine  design  information  in  which  the  customer  has  expressed 
prime  interest.  It  is  also  intended  as  an  aid  to  design  and  to  ensure 
compatibility  of  missile  structure  and  the  LV-2A  propulsion  system. 

This  report  is  not  intended  to  supersede  or  duplicate  existing  model 
specification  or  Socketdyne  Field  Service  manuals. 

Additions  and  revisions  will  be  issued  periodically  to  maintain  this 
report  on  a  current  basis. 
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SECTION  I:  PROPULSION  SYSTEM  DESCRIPTION 
AND  OPERATING  REQUIREMENTS 

PROPULSION  SYSTEM  DESCRIPTION 

The  LV-2A  propulsion  system  (Fig.  1  )  is  composed  of  a  booster  main 
engine  (Air  Force  designation  YLR79-NA-13)  and  two  vernier  engines 
(Air  Force  designation  LRlOl-NA-ll)  which  provide  roll  control  and 
finite  impulse  adjustment  at  the  end  of  flight.  The  complete  propul¬ 
sion  unit  is  a  liquid  bipropellant  system  and  operates  on  liquid  oxygen 
and  BJ-1  hydrocarbon  fuel.  The  main  engine  has  a  maximum  over-all 
length  of  142. 587  inches  and  a  maximum  envelope  diameter  of  76.117 
inches.  The  engine  is  rated  to  deliver  a  thrust  of  170,000  pounds 
under  sea-level  conditions  for  a  mainstage  duration  of  175  seconds. 

An  additional  2120  pounds  total  thrust  is  developed  by  the  two  vernier 
engines  during  pump-fed  operation  and  1660  pounds  total  thrust  during 
tank-fed  operation  for  approximately  9  seconds  after  main  engine  cutoff. 

Both  the  main  and  vernier  engines  are  of  the  single-start,  fixed-thrust 
type  with  no  provision  for  restarting  the  engines  or  for  intermediate 
thrust  control.  System  propellant  flowrates  are  controlled  exclusively 
by  orificing.  All  thrust  chambers  are  gimbal -mounted  for  trajectory 
control  and  adjustment.  The  main  engine  thrust  chamber  is  provided 
with  a  baffled  injector.  Ignition  in  all  chambers  is  by  means  of 
hypergolic  fluid.  The  entire  propulsion  system  is  controlled  by  an 
electrical  system  and  a  pneumatic  system.  Nitrogen  gas  is  used  in 
the  latter  system  to  operate  all  pneumatically  controlled  valves. 
Electrical  power  to  control  the  engines  is  supplied  from  an  external 
source  until  the  missile  is  airborne,  after  which  the  missile's 
electrical  system  supplies  the  required  electrical  power. 
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The  turbopump  for  the  main  engine  provides  one  accessory  drive  pad  to 
be  used  for  the  attachment  of  missile  accessories.  The  accessory 
drive  pad  is  capable  of  delivering  100  horsepower  for  the  intended 
flight  duration.  The  accessory  drive  pad  conforms  to  the  Air  Force-Navy 
Aeronautical  Design  Standard  AND20002-X11-K,  with  the  following  exceptions: 

1.  Maximum  speed  is  4200  rpm;  minimum  speed  is  3650  rpm. 

2.  Direction  of  rotation  is  counterclockwise  facing  the  accessory 
drive  pad. 

3.  No  provision  is  made  for  lubrication  of  accessories. 

One  single-element  heat  exchanger  for  gasifying  liquid  oxygen  to  be  used 
as  L0X.  tank  pressurant  is  installed  in  the  turbopump  exhaust  duct. 

A  list  of  propulsion  system  installation  drawings  is  given  in  Table  1  . 

A  schematic  of  the  main  engine  and  details  of  the  control  orifice  locations 
are  shown  in  Drawings  104653  and  408113.  Control  orifice  locations  for 
the  LR101-NA-11  vernier  engines  are  shown  in  Drawing  350670. 
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TABLE  1 

LV-2A  PROPULSION  SYSTEM  INSTALLATION  DRAWINGS 

YLR79-NA-13  Main  Sigine 

Engine  Assembly  Drawing  104651 

Major  Component  Installation  104652 

Start  System  Installation  308451 

Gas  Generator  and  Exhaust  Installation  308452 

Propellant  Feed  System  Installation  407226 

Electrical  Equipment  Installation  502101 

Pneumatic  System  Installation  556351 

Lube  System  Installation  556352 

Loose  Equipment  List  651601 

LR101-NA-11  Vernier  Engine 

Engine  Assembly  Drawing  350655 

Gimbal  Body  Installation  350660 

Propellant  Feed  System  Installation  350665 

Orifice  and  Accessory  Installation  350670 

Loose  Equipment  List  350674 

Electrical  Installation  350675 
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CUSTOMER  CONNECT  INFORMATION 


This  portion  of  the  report  contains  information  related  to  LV-2A  propul¬ 
sion  system  installation,  weight  distribution,  instrumentation,  electrical 
requirements,  and  general  operating  requirements  and  limitations. 


ALLOWABLE  INSTALLATION  MISALIGNMENTS 


S 

1 


The  coordinate  system  used  by  Rocketdyne  for  designating  reference  axes 
and  their  origins  is  given  in  Fig.  2  .  Data  are  intended  for  use  in 
the  orientation  of  the  LV-2A  propulsion  system  in  the  Thor  missile 
boattail. 

Table  2  lists  the  customer  connect  points,  coordinates  the  expected 
flight  deflections  of  each  point,  and  the  allowable  installation  mis¬ 
alignments  of  the  LQX  and  fuel  pump  inlet  bellows  for  the  main  engine. 

The  recommended  maximum  installation  misalignment  is  based  upon  an 
inlet  bellows  approximately  13.5  inches  long  with  an  axial  spring  rate 
of  600  lb/in.  and  a  maximum  lateral  spring  rate  of  300  lb/in.  The 
recommendations  assume  that: 

1.  The  bellows  spring  rates  will  be  verified  by  laboratory  test. 

2.  No  liners  are  present  in  the  bellows  unless  tests  prove  that 
there  is  a  possibility  of  the  liners  "bottoming"  or  "hanging  up" 
when  subjected  to  maximum  deflections  resulting  from  the  sum  of 
allowable  installation  misalignment  and  turbopump  and  missile 
deflections. 
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Figure  2.  Coordinate  System 


Customer  Connect 

Coordinates, 
(Drawing  No . 

.nches 

l04654) 

Points 

X 

Y 

Z 

Geometrical  center  of  triangle 
formed  by  the  three  thrust 
missile  attach  points. 

0.000 

0.000 

0.000 

Mount  Attach  to  Missile 

28.919 

0.000 

16.697 

Mount  Attach  to  Missile 

-28.919 

0.000 

16.697 

Mount  Attach  to  Missile 

0.000 

0.000 

-33.393 

Turbopump,  L0X  Inlet  Bibow 

0 .000 
±0.187 

6.500 

±0.132 

-7.776 

±0.187 

Turbopump,  Fuel  Inlet  Elbow 

0.000 

±0.187 

5.250 

±0.132 

23.963 

±0.187 

Forward  Pitch  Actuator  Attach 
Point  (Center  of  Bearing) 

0.000 

±0.12 

12.407 

±0.12 

-28.703 

±0.12 

Aft  Pitch  Actuator  Attach 

Point  (Center  of  Bearing) 

0.000 

±0.37 

43.375 

±0.37 

-24.000 

±0.34 

Forward  Yaw  Actuator  Attach 
Point  (Center  of  Bearing) 

-24.000 

±0.34 

43.375 

±0.12 

0.000 

±0.12 

Aft  Yaw  Actuator  Attach 

Point  (Center  of  Bearing) 

-28.703 

±0.12 

74.341 

±0.12 

0.000 

±0.12 

Forward  Attach  Lug,  Heat 
Exchanger 

6.12 

±0.12 

51.27 

±0.12 

40.69 

±0.12 

Forward  Attach  Lug,  Heat 
Exchanger 

6.12 

±0.12 

51.27 

±0.12 

40.69 

±0.12 

Aft  Attach  Lug,  Heat  Ex¬ 
changer  (Center  of  Slot) 

0 .00 
±0.12 

66.25 

±0.12 

41 .32 
±0.12 

Approximate  Plight  Deflectio 


Ax  Ay 


I 


The  three  thrust  mount-to-mis 
will  deflect  radially  (outboa 


±0.12 

±0.12 


+0.12  to 

-0.37 

+0.31  to 

-0.12 


Deflections  of  actuator  attacl 


The  three  heat  exchanger  attac 
enclosed  by  these  lugs  must  no 
closed  by  the  three  thrust  ati 


*Refer  to  note  1  on  drawing  104654.  The  total  transverse  misalignment  shall  not  exceed  C 
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TABLE  2 


LV-2A  PROPULSION  SYSTEM 
AND  ALLOWABLE  INSTALLATION  MISALIGNMENTS 


e  Plight  Deflections >  inches  Allowable  Installation  Misalignment  With  Respect  To  Engine,  inches 

Ay  Az  Ax  I  At  I  Az  ex  0y  0z 


thrust  mount-to-missile  attach  points  are  within  0.010  inch  of  true  position.  The  attach  points 
:t  radially  (outboard)  0.044  ±0.010  (NA-I3)  inch  during  flight.  1  I  I 


+0.12  to 

-0.37 

+0.31  to 
-0.12 


+0.25  to  ±0.50*  0.50  Tension  |  ±0.50 

-0.12  or  Compression! 


+0,25  to  ±0.50*  0.75  ±  0.50 

-0.12  Tension 


±0.50 


of  actuator  attach  points  do  not  affect  the  missile  structure, 


2 


eat  exchanger  attach  lugs  are  mated  with  the  missile.  The  centroid  of  the  triangular  area 
these  lugs  must  not  deflect  more  than  0.37  inch  relative  to  the  centroid  of  the  area  en- 
he  three  thrust  attach  points.  I  I  I  I  1 


shall  not  exceed  0.50  inch. 
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TABLE  2 
(Continued) 


Customer  Connect 

Points 

Coordinates,  inches 
(Drawing  No.  104654) 

Approximate  Flight  Deflections,  i 

X 

Y 

Z 

Ax 

Ay 

Oxygen  Outlet,  Heat  Exchanger 

-7.93 

51.37 

30.87 

Deflects 

*rith  missile 

±0.12 

±0.12 

±0.12 

Aft  End  Heat  Exchanger 

0.00 

69.43 

34.57 

Deflects 

tii  missile 

±0.12 

±0.12* 

±0.12 

LOX  Supply  to  Vernier  Engine 

30.63 

47.07 

-2.48 

±0.12 

40.31  to 

±0. 

±0.12 

40.34 

40.47 

-0.12 

-0.27 

-0.49 

Fuel  Supply  to  Vernier  Engines 

28.15 

40.85 

-6.82 

±0.12 

40.25  to 

±0. 

40.29 

40.27 

+0.33 

-0.12 

-0.31 

-0.28 

-0.31 

Main  Oil  Discharge 

1.33 

29.73 

14.72 

±0,12 

+0.19  to 

±o.: 

±0.12 

±0.12 

±0.12 

-0.12 

Fuel  Start  Tank  Vent  Valve  Vent 

20.19 

12.53 

-0.18 

±0.12 

+0.25  to 

±o.: 

±0.12 

±0.12 

±0.12 

-0.12 

LOX  Start  Tank  Vent  Valve  Vent 

24.70 

6.54 

-14.06 

±0.12 

+0.19  to 

±0.1 

±0.12 

±0.12 

±0.12 

-0.12 

High-Pressure  Gaseous  Nitrogen 

8.65 

11.35 

-26.45 

±0.12 

+0.19  to 

±0.] 

Supply 

±0.12 

±0.12 

±0.12 

-0.12 

Center  Tachometer  Mount  Pad 

-0.40 

20.07 

-3.76 

±0.25 

+0.12  to 

±0.2 

(No  gasket) 

±0.12 

±0.12 

±0.12 

-0.25 

Center  Hydraulic  Pump  Mount 

3.96 

24..  85 

-1.26 

±0.25 

40.12  to 

±0.2 

Pad  (No  gasket) 

±0.12 

±0.12 

±0.12 

-0.25 

LOX  Seal  Drain 

-2.00 

30.17 

15.98 

±0.25 

+0.19  to 

±0.3 

±0.12 

±0.12 

±0.12 

-0.12 

Oil  Seal  Drain 

-3.50 

29.90 

15.87 

±0.12 

+0.25  to 

±0.3 

±0.12 

±0.12 

±0.12 

-0,12 

Pressure  Takeoff  from  Pneumatic 

15.08 

7.40 

-15,17 

±0.12 

+0.19  to 

±0.1 

Manifold 

±0.12 

±0.12 

±0.12 

-0.12 

*Refer  to  note  7  on  drawing  104654 
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TABLE  2 
(Continued) 


UOCKETDYr^E 

A  DIVISION  or  NORTH  AMERICAN  AVIATION,  INC 


mate  Flight  Deflections,  inches 


Allowable  Installation  Misalignment  With  Respect  to  Engine,  inches 


Ay 


A  z 


iiX 


A  z 


@X 


&I 


©Z 


s  with  missile 


S  with  missile 


+0.31  to 

-0.12 


+0.25  to 

-0.12 


+0.19  to 

-0.12 

+0.25  to 

-0.12 

+0.19  to 

-0.12 

+0.19  to 

-0.12 

+0.12  to 
-0.25 

+0.12  to 
-0.25 

+0.19  to 

-0.12 

+0.25  to 

-0.12 

+0.19  to 

-0.12 


±0.12 

±0.12 

±0.37 

±0.12 

±0.12 

±0.12 

±0.25 

±0.25 

±0.37 

±0.37 

±0.12 


Tlie  customer  connect  points  are  to  be  connected  with  no  load 
applied  except  that  necessary  to  support  its  weight.  The  parts 
shall  be  designed  and  installed  to  provide  for  both  maximum 
missile  and  maximum  flight  deflections. 


Turbine  Exhaust  System 


(a) 

00 

(c) 


The  aft  flange  of  the  turbine  exhaust  duct  assembly 
shall  be  parallel  with  the  heat  exchanger  flange  within 
four  degrees. 

The  distance  between  the  two  flanges  shall  be  0.31  ±0.25  inch 

The  misalignment  of  the  centerline  of  the  two  flanges 
shall  not  exceed  0.38  inch 


TABLE 


(Contin 


Customer  Connect 

Points 

Coordinates,  inches 
(Drawing  No.  104654) 

Approximate  Flight  Deflectii 

X 

Y 

Z 

Ax 

Ay 

Electrical  Ground  Connection 

17.25* 

11.40 

17.48 

±0.19 

+0,25  to 

-0.12 

Missile  Interconnection 

17.25 

14.05 

17.55 

±0.19 

+0.25  to 

-0.12 

Missile  Power  Connection 

19.35* 

13.25 

17.55 

±0.19 

+0.25  to 

-0.12 

Vernier  LOX  Vent  Valve  Con- 

14.33 

21.18 

-3.41 

±0.12 

+0.19  to 

trol  Solenoid  Exit 

±0.12 

±0.12 

±0.12 

-0.12 

Vernier  Engine  Propellant 

15.92 

23.31 

-4.33 

±0.12 

40.19  to 

Valve  Control  Solenoid  Exit 

±0.12 

±0.12 

±0.12 

-0.12 

Lube  Tank  Vent  and  Overflow 

-19.23 

2.59 

5;  27 

±0.06 

±0.12 

±0.12 

±0.12 

Lube  Tank  Horizontal  Drain 

_ 

*Refer  to  note  9  on  drawing  104654 
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ROCKETDYME 

A  OIVISION  OF  NORTH  AMERICAN  AVIATION.  INC 


TABLE  2 
(Continued) 


ate  Flight  Deflections,  inches  Allowable  Installation  Misalignment  With  Respect  to  Engine,  inches 


Qx  &I  0Z 


+0.25  to 
-0.12 


+0.25  to 

-0.12 

+0.25  to 

-0.12 

+0.19  to 

-0.12 

+0.19  to 

-0.12 


±0.06 


±0.19 


±0.19 


±0.19 


±0.12 


±0.12 


±0.06 


These  values  are  based  on  inlet  bellows  which  have  an  axial 
inlet  bellows  with  an  axial  spring  rate  of  600  lb/in.  and  a 
maximum  transverse  spring  rate  of  500  lb/in. 


**.o  c:  *c  nr  r«  e 

A  DIVISION  or  NORTH  AMERICAN  AVIATION.  INC. 


WEIGHT  DISTRIBUTION  AND  FLUID  VOLUMES 

Weight,  balance,  inertia,  and  fluid  volume  information  for  the  LV-2A 
propulsion  system  configurations  is  presented  in  Tables  3  and  4  . 

This  data  may  be  used  in  determining  missile  deadweight  distribution, 
structural  requirements,  basic  loads,  stability,  performance,  and  control 
requirements . 


CUSTOMER  CONNECT  AND  INSTRUMENTATION  DRAWINGS 

The  locations  of  connections  that  are  necessary  for  the  operation  of  the 
LV-2A  propulsion  system  in  the  missile  are  shown  in  Drawings  104634  and 
350723  .  Locations  shown  include  those  for  supply  connections,  drain 

and  vent  connections,  and  flush  and  purge  connections.  Structural  attach¬ 
ments  and  accessory  pad  information  are  shown,  as  well  as  gimbal  bearing 
alignment  and  lubrication  points. 

The  instrumentation  tap  locations  on  the  main  vernier  engines  that  are 
available  for  use  appear  in  Drawings  702827  and  350050  . 
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A  DIVISION  OF  NORTH  AMERICAN  A  V I  AT  ION,  INC 


TABLE  3 

CENTER  OF  GRAVITY,  MOMENT  OF  INERTIA,  AND  WEIGHTS 
FOR  MAIN  ENGINE  (RJ-1  FUEL) 


Propulsion  system  weights  and  centers  of  gravity*  (including  vernier  engines) 


Condition 

Weight, 

pounds 

Y  Arm,  inches 

X  Arm,  inches 

Z  Arm.  inches 

Dry 

2116 

100.2 

100.4 

103.3 

Wet 

2690 

100.0 

102.3 

Burnout 

2468 

101.5 

100.5 

102.8 

^Reference  point  (gimbal  hearing)  is  (100,100,100). 


Moments  of  inertia  of  the  propulsion  system  about  axes  through  its  center  of 
gravity,  wet  and  dry,  with  corresponding  radii  of  gyration 


Condition 

Weight, 

pounds 

Y  Roll 

X  Pitch 

Z  Yaw 

Dry 

Radii  of 
gyration 

2116 

167  slug  sq  ft 
19.1  inches 

6l6  slug  sq  ft 
36.7  inches 

626  slug  sq  ft 
37.0  inches 

Wet 

Radii  of 
gyration 

2690 

223  slug  sq  ft 
19.6  inches 

782  slug  sq  ft 
36.7  inches 

816  slug  sq  ft 
37.5  inches 

Moment  of  inertia  of  the  gimballed  mass  about  the  gimbal  axes  (verniers  not 
included) 


Weight, 

Y  Roll, 

X  Pitch  , 

Condition 

poundB 

slug  sq  ft 

slug  sq  ft 

Dry 

828 

32 

311 

Wet 

1057 

44 

416 

Longitudinal  (Y  axis)  location  of  center  of  gravity  of  the  gimballed  mass  j 

in  inches  aft  of  the  gimbal  axis.  j 

-I 

-i 

Dry  *  29.0  inches  J. 

Wet  ■  29.2  inches  J 
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ROCKETDVI\E 

A  OIVIS'O  N  O  W  NORTH  AM(«ICAN  AVIATION.  INC 


TABLE  4 

MAIN  ENGINE  FLUID  VOLUME  DATA 


Component 

Fuel  Volume, 
cu  in. 

Liquid  Oxygen  Volume, 
cu  in. 

Oil  Volume, 
cu  in. 

Thrust  Chamber 

3987 

935 

Main  Ducts 

1111 

1614 

Turbopump 

Lubrication  System 

950 

945 

3927 

Start  System 

1319 

1454 

Vernier  Engines  (2) 

106 

46 

Miscellaneous  Units 

120 

183 

20 
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A  DIVISION  OF  MONTH  AMIHICAN  AVIATION.  INC 


ELECTRICAL  SYSTEM 


Twenty-five  to  30  volts  dc  (to  the  main  engine  electrical  relay  box)  will 
be  maintained  until  0.5  second  after  all  starting  sequences  have  been 
completed,  and  20  to  30  volts  dc  thereafter.  The  power  required  is  800 
watts  maximum  for  starting,  and  300  watts  is  required  for  flight  operation. 
The  command  cutoff  signal  shall  have  a  minimum  current  capacity  of  0.30 
ampere  and  shall  be  sustained  for  a  minimum  of  0.10  second.  Electrical 
supply  for  the  heaters  during  preflight  is  115  volts  ac  at  60  to  400  cps. 

The  maximum  ground  power  supply  shall  be  3000  watts. 

Nominal  power  requirement  profile  charts  are  presented  in  Fig.  3  »  4  , 
and  5  •  Drawing  900100  is  the  electrical  system  schematic  for  the 
LV-2A  propulsion  system. 
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a/,  jtcmovco  pe*  mbs-/** 

3*  Sdved  per  WPS-  Art  — 

i*  circuitry  ro  Be  added  for  non) 

«  CIRCUITRY  n  u  nCYULCD  FOPHto-HH  (dWOOMOH)  . 


27. 


35 


.  54. 


53. 


circuitry  n  bei**trllxd  tor  Hiwvo  cagihc. 

FMHU-C  C,IOOONDI3  t<,  3000  non) 
cimmrwF  to  mt  lmstjuud  ear  Lex.:  valtC  mump 
cutoff  (moo  * tou  t  a 900Z  Mbs) 
mytoor  re  tars  replaced  on  all  engine 
RELAY  BOBS  BY  MRS -37/03  TYPE l  RELAYS 
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15.  CIRCUITRY  TV  BE  ADDED  FOR  START  TANKS  PRTSSURLRJNB 

CUT-OTTiGADUND  POWER  FAILURE.  CUTOET (  SEAARRTEREOT MTSSTLE ( GAxA 
14.  CIRCUITRY  TO  BE  REMOYED  FOR  START  TANKS  PNE3SUR/EING 

CURORT,  GROUND  TORE*  FAILURE  CUT-OFF  $  SEAAAAPQNOF  AHSSLLEQGFOok 
13.  C/RCUL  TRY  TORE  ADDED  AON  LAUNCH  LOCKOUT.  CGJOOONDL(  UP) 
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denote  lower  case. 

T.  RET  DWG  900040  SCREAM  TIC, 

6.  REP  DWG  9000  7S  BLOCK  DIAGRAM 
S.  SYMBOL  O  INDICATES  RECORDER  CONNECTIONS 
■*.  REF  DWG  SCHEMA T/C  NO-  90SS00  EOR 
ENGINE  S/MUL  A  TOR 

3.  SYMBOL  (g)  COE  NOTES  DOUGLAS  AIRCRAFT 
COMPANY  CONNECTIONS. 
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ORCVtTRY  ro  BE  NORM*  FOR  MB334  L&OOOMOW 


WIRES  ARE  */&  AMS  FOR  AIL  CARLES 
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OPERATING  REQUIREMENTS  AND  LIMITATIONS 


Frequently  reviewed  specifications  and  limitations  applicable  to  opera¬ 
tion  of  the  LV-2A  propulsion,  system  are  contained  in  this  section. 


FUEL  PUMP  INLET  (RJ-l) 

The  minimum  required  NPSH  for  starting  at  0  to  120  F  is  80  feet.  The 
minimum  required  NPSH  for  nominal  rated  thrust  operation  at  0  to  120  F 
is  34  feet.  The  maximum  allowable  surge  pressure  at  0  to  120  F  is  160  psig. 


OXIDIZER  PUMP  INLET 

At  saturation  temperature,  (l)  the  minimum  required  net  positive  suction 
head  (NPSH)  for  starting  is  55  feet,  (2)  the  minimum  NPSH  required  for 
nominal  rated  thrust  operation  is  55  feet,  and  (3)  the  maximum  allowable 
surge  pressure  is  160  psig. 


GROUND  AND  FLIGHT  LOADING  CONDITIONS 

Handling  Load 


The  main  and  vernier  engines  shall  withstand  a  maximum  of  4  g  handling 
loads  applied  in  any  direction. 


ROCKETDVNE 
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Flight  Operation 

The  engine  system  shall  operate  satisfactorily  without  permanent  deforma¬ 
tion  or  failure  under  the  following  specified  loads: 

1.  Load  of  15  g  parallel  to  the  direction  of  flight  and  1  g  perpen¬ 
dicular  to  the  direction  of  flight 

2.  Load  of  12  g  parallel  to  the  direction  of  flight  and  1.25  g 
perpendicular  to  the  direction  of  flight 

3.  Load  of  10  g  parallel  to  the  direction  of  flight  and  1.5  g 
perpendicular  to  the  direction  of  flight 

4.  Load  of  2.5  g  parallel  to  the  direction  of  flight  and  3  g 
perpendicular  to  the  direction  of  flight 
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Critical  Customer  Connect  Point  Maximum  Loading 

The  customer  connect  point  maximum  loading  is  as  follows: 


Attach  Point* 

Mount  Attach  to  Missile  (Pt.  l) 
Mount  Attach  to  Missile  (Pt.  2) 
Mount  Attach  to  Missile  (Pt.  3) 
LOX  Inlet  Duct 
Fuel  Inlet  Duct 
Actuator  Attach  Point 
Aft  End  of  Heat  Exchanger 
Forward  Attach  Lug  Heat  Exchanger 
Aft  Attach  Lug  Heat  Exchanger 


Main  Oil  Discharge 
LOX  Seal  Drain 
Oil  Seal  Drain 

*Refer  to  coordinate  system 


Allowable  Loads 


F  =  63,000  lb 

y 

F  =  63,000  lb 

y 

F  =  63,000  lb 

y 

F  =  3,200  lb 

y 

f  =  7,200  lb 

y 

±10,000  lb 

300  ib 

380  lb 

Fy  =  ±380  lb 

F  =  ±  50  lb 

x 

F  =  ±380  lb 

z 

100  lb 
50  lb 
50  lb 


5930-lb  side  load 
5930-lb  side  load 
5930-lb  side  load 

axial  force 
any  direction 
any  direction 


any  direction 
any  direction 
any  direction 


\ 

i 
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PNEUMATIC  SUPPLY 

The  pneumatic  supply  as  delivered  to  the  main  engine  manifold  will  be 
MIL-N-6011  nitrogen,  liquid  and  gas.  The  flows  quoted  are  for  the 
propulsion  system  requirements  only.  No  allowance  has  been  made  for 
other  applications. 

1.  Standby:  high-pressure  nitrogen,  0.150  lb/min  maximum  is 
required  at  3000  to  1000  psi  for  oxidizer  pump  seal  purge  and 
the  engine  control  system  bleed  and  leakage.  Nitrogen  tempera¬ 
ture  range  is  -65  to  +160  F. 

2.  Starting:  high-pressure  nitrogen,  4.0  lb  maximum  is  supplied  at 
3000  to  1500  psi  and  at  a  temperature  range  of  -65  to  +160  F 
for  oxidizer  pump  seal  purge,  engine  start  tank  pressurization, 
and  pneumatic  control. 

3.  Flight  operation:  high-pressure  nitrogen,  2.0  lb  maximum  is 
supplied  at  3000  to  800  psia  and  at  a  temperature  range  of  -65 
to  +160  F  for  oxidizer  pump  seal  purge,  controls,  and  engine 
lubrication  tank  pressurization.  Maximum  flowrate  is  0.0115 

lb/ sec. 

4.  Vernier  engine  solo  flight:  high-pressure  nitrogen,  8.0  lb 
maximum  is  supplied  at  3000  to  800  psia  and  at  a  temperature 
range  of  -65  to  +160  F  for  vernier  tank  pressurization  and 
pneumatic  control.  Maximum  flowrate  is  0.89  lb/sec. 

The  regulated  pneumatic  pressure  at  the  customer  supply  connect-point  is 
660  psia. 

A  nitrogen  supply  temperature  of  70  F  was  assumed  for  the  above  computations. 
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SECTION  II:  PROPULSION  SYSTEM  PERFORMANCE 


STEADY-STATE  PERFORMANCE 


Steady-state  performance  values  presented  in  this  section  vere  obtained 
from  production  engine  test  results.  Run-to-run  deviations  include  ran¬ 
dom  instrumentation  errors  and  pun-to-run  nonrepeatability.  The  actual 
component  differences  are  depicted  in  the  engine-to -engine  deviations. 
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RATED  MAIN  ENGINE  PERFORMANCE 

The  main  engine  nominal  performance  values  and  attendant  variations  at 
sea-level  standard  temperature  and  pressure,  rated  thrust  and  rated 
mixture  ratio  appear  in  Table  5  .  The  vernier  performance  values  were 

analytically  determined  using  a  typical  vernier  system  downstream  of 
the  customer  connect  points.  Since  vernier  performance  depends  upon 
the  pressure  supplied  by  the  main  engine,  it  will  not  exactly  agree  with 
rated  values  obtained  from  vernier  production  testing.  A  performance 
schematic  depicting  relative  positions  of  flow  and  pressure  data  is 
presented  in  Fig.  6  . 

Run-to-run  deviations  in  engine  thrust  and  mixture  ratio,  and  run-to-run 
and  engine-to-engine  deviations  in  specific  impulse  for  the  main  engine 
are  presented  in  Table  6  . 

Information  regarding  effects  of  nitrogen  dilution  on  engine  performance 

is  included  for  application  for  analysis  in  the  event  of  a  suspected 

occurrence.  Performance  shifts  of  sea-level  engine  specific  impulse 

and  thrust  due  to  nitrogen  dilution  of  LOX  presented  in  Fig.  7  and  8 

were  based  on  test  results  conducted  on  an  engine  system  other  than,  but 

considered  sufficiently  descriptive  of,  the  Thor.  Bnpirically  determined 

effects  on  c*,  C„,  gas  generator  temperature  and  LOX  density  due  to 
r 

nitrogen  dilution  were  imposed  on  nominal  engine  data  to  generate  the 
figures. 
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TABLE  5 

NOMINAL  MAIN  ENGINE  PERFORMANCE  VALUES 
AT  SEA-LEVEL  RATED  THRUST  AND  MIXTURE  RATIO 


Standard 

Deviation 

Parameter 

Nominal 

Value 

Engine- 

to-Engine 

(SEE^ 

Run-to-Run 

(Srr) 

Engine 

Oxidizer  (LOX)  Density,  lb/cu  ft 

Fuel  (RJ-l)  Density,  lb/cu  ft 

71.38* 

53-17* 

■l 

Thrust ,  pounds 

170,000* 

— 

Specific  Impulse,  seconds 

Mixture  Ratio  (o/f),  including 

252.4 

0.62 

0.30 

vernier  flow 

Thrust  Chamber 

2.15* 

Thrust ,  pounds 

169,500 

— 

— 

Specific  Impulse,  seconds 
Characteristic  Velocity  (c*), 

257.5 

0.62 

0.31 

injector  end,  ft/sec 

Thrust  Coefficient  (C^) , 

5958 

15.4 

9.5 

injector  end 

1.391 

0.0038 

0.0021 

Chamber  Pressure,  injector  end,psia 
Characteristic  Velocity,  nozzle 

594.3 

1.53 

0.92 

stagnation,  ft/sec 

Thrust  Coefficient,  nozzle 

5517. 

— 

— 

stagnation 

Chamber  Pressure,  nozzle 

1.502 

— 

- , 

stagnation,  psia 

550.3 

— 

— 

c*  Efficiency,  jl 

95.5 

0.25 

0.15 

C_  Efficiency,  ^ 

Propellant  Flowrates,  lb/sec 

101.2 

0.25 

0.15 

Oxidizer 

456.3 

1.11 

0.54 

Fuel 

201.9 

0.48 

0.26 

Mixture  Ratio  (o/f) 

Main  Fuel  Orifice  Pressure  Drop,psi 

2.260 

55.6 

0.0016 

0.0008 

at  190  Ib/sec  and  53.17  lb/cu  ft 
Orifice  Diameter,  inches 

49.2 

2.74 

10.3 

1.8 

R-5214 
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TABLE  5 
(Continued) 


Parameter 

Nominal 

Value 

Standard  Deviation 

Engine- 

to-Engine 

(see) 

Run-to-Run 

Propellant  Pumps 

LOX  Pump 

Inlet  Pressure  (total),  psia 

53.0* 

— 

— 

Discharge  Pressure  (total) ,psia 

862. 

14.8 

2.9 

Developed  Head,  feet 

1641. 

11.8 

6.7 

Weight  Flow,  lb/sec 

469.9 

1.14 

0.56 

Volume  Flow,  gpm 

2955. 

7.2 

3.5 

Speed,  rpm 

6252. 

26.8 

8.4 

Shaft iPower ,  bhp 

1772. 

16.2 

8.6 

Efficiency,  ^ 

79.1 

— 

— 

Fuel  Pump 

Inlet  Pressure  (total),  psia 

48.0* 

— 

— 

Discharge  Pressure  (total),  psia 

902. 

14.8 

2.9 

Developed  Head,  feet 

2307. 

39.8 

7.8 

Weight  Flow,  lb/sec 

217.2 

0.53 

0.26 

Volume  Flow,  gpm 

1833 

4.50 

2.18 

Speed,  rpm 

6252. 

26.8 

8.4 

Shaft  Power,  bhp 

1272. 

22.0 

5.24 

Efficiency,  ^ 

71.6 

— 

— 

Turbine 

Turbine  Shaft  Power,  bhp 

3136. 

31. 

13 

Turbine  Inlet  Temperature ,  F 

1203. 

10.6 

3.0 

Turbine  Gas  Flow,  lb/sec 

15.21 

0.16 

0.05 

Turbine  Exhaust  Pressure  (static), 

psia 

23.6 

1.69 

0.25 

Turbine  Inlet  Pressure  (total), psia 

515.6 

4.8 

2.3 

Turbine  Pressure  Ratio  (total  psia 

inlet/static  exhaust) 

21.8 

— 

— 
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TABLE  5 
(Continued) 


Parameter 

Nominal 

Value 

Standard 

Deviation 

Engine- 

to-Engine 

(See^ 

Run- to -Run 
(^^ 

Gas  Generator 

Gas  Generator  Chamber  Pressure, 

injector  end,  psia 

541.4 

5.5 

1.6 

LOX  Bleed  Pressure,  psia 

788. 

— 

— 

Fuel  Bleed  Pressure,  psia 

888. 

— 

— 

Total  Propellant  Flow  **,  lb/sec 

15.21 

0.16 

,0.05 

LOX  Flow** ,  lb/sec 

3.73 

.  0.04 

0.01 

Fuel  Flow**,  lb/sec 

11.48 

0.14 

0.04 

Mixture  Ratio  (o/f) 

0.325 

0.004 

0.001 

Fuel  Orifice  Pressure  Drop,  psi 

167.3 

— 

— 

at  10.5  lb/sec  and  53. 17 

lb/cu  ft 

139.9 

— 

— 

Orifice  Diameter,  inch 

0.530 

LOX  Orifice  Pressure  Drop,  psi 

86.3 

— 

— 

at  3-5  lb/sec  and  71.38 

lb/cu  ft 

75.9 

14.5 

1.3 

Orifice  Diameter,  inch 

Verniers  (Pump-Fed) 

LOX  Flow,  lb/sec 

6.56 

0.054 

0.019 

Fuel  Flow,  lb/sec 

3.61 

0.035 

0.011 

Vernier  Total  Flow,  lb/sec 

10.17 

0.070 

0.026 

Mixture  Ratio  (o/f) 

1.82 

0.019 

0.006 

LOX  Customer  Connect  Pressure,  psia 

762. 

9.0 

3.3 

Fuel  Customer  Connect  Pressure , psia 

701. 

7.9 

2.6 

Heat  Exchanger  LOX  Flow,  lb/sec 

3.17 

0.045 

0.046 

R-5214 
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TABLE  5 
(Continued) 


, 

Standard 

Deviation 

Parameter 

Nominal 

Value 

Engine- 

to-Engine 

Run-to-Run 

^Srr^ 

Verniers  (Solo) 

LOX  Flow,  lb/sec 

5.38 

0.028 

0.014 

Fuel  Flow,  lb/sec 

3.01 

0.018 

0.006 

Vernier  Total  Flow,  lb/sec 

Mixture  Ratio  (o/f) 

8.39 

0.046 

0.020 

1.78 

0.007 

0.006 

LOX  Customer  Connect  Pressure ,psia 

575. 

4.40 

2.1 

Fuel  Customer  Connect  Pressure,  psia  530. 

4.20 

1.20 

Engine  Regulator  Pressure  Setting, 

psia 

660. 

— 

— 

NOTE:  All  pressures  were  measured  with  a  static  tap,  unless  designated 
as  total.  Pressure  designated  as  total  were  calculated  from  a  static 
measurement. 

*  Rated  value 

**Calculated  from  turbine  inlet  temperature  and  pressure 
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TABLE  6 

PERFORMANCE  DEVIATIONS,  YIR79-NA-13  THOR  MAIN  ENGINES 
(Data  Based  on  47  Runs  Involving  23  Engines) 


Parameter 
Engine  Thrust 

Specified,  pounds 
Run-to-Run  Deviation* 

Run- to -Run,  95$  Tolerance 
Mixture  Ratio 
Specified 

Run-to-Run  Deviation* 
Run-to-Run,  95$  Tolerance 
Specific  Impulse** 

Specified  Minimum,  seconds 
Mean 

Run-to-Run  Deviation* 
Run-to-Run,  95$  Tolerance 
Engine-to-Engine  Deviation 
Engine-to-Engine ,  95$  Tolerance 
Over-all  Standard  Deviation*** 
Over-all ,  95$  Tolerance 


Specified  or 

Mean  Value  Deviation,  $ 

170, 000. ±3$ 

0.25 

0.6l 

2.15  ±1.02$ 

0.23 

0.56 

249. 

252.4 

0.12 

0.29 

0.25 

0.61 

0.27 

0.63 


*  Run-to-run  standard  deviation 

**  Specific  impulse  values  are  quoted  at  rated  thrust  and  mixture  ratio 
***Run-to-run  and  engine-to-engine  standard  deviation.  This  method  of 
combination  allows  a  conservative  estimation. 
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WEIGHT  PERCENT  OF  LIQUID  NITROGEN 
DILUTION  OF  LOX 


Figure  7.  Effects  of  Liquid  Nitrogen  Dilution  on 
Sea  Level  Engine  Specific  Impulse 
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WEIGHT  PERCENT  OF  LIQUID  NITROGEN 
DILUTION  OF  LOX 


Figure  8.  Effects  of  Liquid  Nitrogen  Dilution  on  Sea- 
Level  Engine  Thrust 
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BATED  VERNIER  ENGINE  PERFORMANCE 

Statistical  analyses  of  LR101-NA-11  vernier  engine  data  are  presented  in 
Table  7  >  covering  mean  performance,  run- to-run,  and  engine-to-engine 
variations.  The  data  are  based  on  94  tests  on  47  acceptance  engines. 

EP-1  was  used  for  all  tests.  Data  were  reduced  to  sea-level  standard 
temperature  and  pressure  rated  thrust,  mixture  ratio, and  propellant 
inlet  pressures  prior  to  statistical  analysis.  The  data  reduction  pro¬ 
gram  computes  orifices  required  to  give  rated  thrust  and  mixture  ratio 
at  tank-fed  conditions.  With  these  orifices,  the  program  then  computes 
what  thrust  and  mixture  ratio  would  be  under  pump-fed  conditions. 

The  following  standard  conditions  are  used  by  the  data  reduction  program: 


Rated  Parameter 

Tank-Fed 

Pump-Fed 

Thrust,  pounds 

830 

— 

Mixture  Ratio 

1.80 

— 

LOX  Inlet  Pressure,  psia 

540 

660 

Fuel  Inlet  .Pressure,  psia 

510 

636 

LOX  Specific  Gravity,  lb/cu  ft 

66.27 

70.73 

Fuel  Specific  Gravity,  lb/cu  ft 

50,48 

50.48 

A  schematic  of  vernier  operation  under  pump-fed  conditions  (with  RJ-1 

«  '» 

fuel)  appears  in  Fig.  9.. 
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TABLE  7 


NOMINAL  LR101— NA-1L  VERNIER  ENGINE  PERFORMANCE 
AND  PERFORMANCE  DEVIATIONS 


' 

Parameter 

Mean 

Value 

SEE 

CVEE 

SHR 

CVRR 

Tank-Fed 

Specific  Impulse,  seconds 

198.7 

1.92 

0.97 

1.12 

0.56 

Characteristic  Velocity  (c*), 

Injector  End,  ft/sec 

4942 

69.9 

1.41 

29.1 

0.59 

Thrust  Coefficient  (Cp), 

Injector  End 

1.294 

0.007 

0.55 

0.005 

0.35 

Chamber  Pressure,  Injector  End,  psia 

305.4 

2.64 

0.85 

0.28 

Chamber  Pressure,  Nozzle,  psia 

298. 

— 

i 

— 

— 

LOX  Weight  Flow,  lb/sec 

2.68 

— 

_  _ 

-  - 

Fuel  Weight  Flow,  lb/sec 

1.49 

— 

— 

-  - 

LOX  Orifice  Differential 

Pressure,  psi 

39.8 

7.96 

20.0 

2.97 

7.44 

Fuel  Orifice  Differential 

Pressure,  psi 

27.6 

7.68 

27.8 

3.33 

12.05 

Pump-Fed 

Thrust ,  pounds 

1017 

5.64 

0.55 

4.19 

0.41 

Mixture  Ratio 

1.803 

0.010 

0.54 

0.011 

0.61 

Specific  Impulse,  seconds 

209.8 

2.21 

1.05 

0.83 

0.39 

c*,  Injector  End,  ft/sec 

5054. 

51.5 

1.02 

21.0 

0.42 

Cp,  Injector  End 

1.336 

0.005 

0.39 

0.005 

0.37 
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TABLE  7 
(Continued) 


Parameter 

Mean 

Value 

SEE 

CVEE 

SRR 

CVRR 

Chamber  Pressure,  Injector  End,  psia 

Chamber  Pressure,  Nozzle,  psia 

LOX  Weight  Flow,  lb/sec 

Fuel  Weight  Flow,  lb/sec 

362.5 

353. 

3-12 

1.73 

3.39 

0.93 

1.70 

0.47 

SEE 

CVEE 

SKR 

CVBR 


Engine-to-engine  standard  deviation 

Engine-to-engine  coefficient  of  variation  (standard  deviation 
expressed  as  percentage  of  the  mean) 

Run-to-run  standard  deviation 

Engine-to-  engine  coefficient  of  variation  (standard  deviation 
expressed  as  percentage  of  the  mean) 
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INFLUENCE  COEFFICIENTS 


LINEARIZED  SOLUTIONS 

Engine  influence  coefficients  result  from  a  linearized  solution  of  a 
set  of  steady-state  equations  which  describe  the  operation  of  an  engine. 
Each  influence  coefficient  is  expressed  in  percentage  from,  and  represents 
the  effect  that  a  1^  increase  in  an  engine  independent  variable  will  have 
on  an  engine  dependent  variable.  A  coefficient  preceded  by  a  positive  (+) 
sign  (or  no  sign)  indicates  that  an  increase  in  the  independent  variable 
results  in  an  increase  in  the  dependent  variable;  a  coefficient  preceded 
by  a  negative  (-)  sign  indicates  that  an  increase  in  the  independent 
variable  results  in  a  decrease  in  the  dependent  variable. 


ILLUSTRATION 

Figure  10  is  a  portion  of  a  typical  table  of  engine  influence  coefficients. 
This  table  is  in  the  form  as  printed  by  a  high-speed  digital  computer.  The 
symbols  E  01,  E  04,  etc.,  placed  after  the  nominal  values  in  the  table 
represent  powers  of  10.  Hence  1.4696E  01  is  equivalent  to  14.696; 

6.0000E  04  is  equivalent  to  60,000;  etc. 


APPLICATION 

These  influence  coefficients  may  be  applied  to  two  different  situations; 
(l)  calculations  involving  an  engine  type,  or  (2)  calculations  involving 
a  specific  engine. 
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i  ) 


A  ONE-PERCENT  INCREASE  IN  ANY  ONE  OF  THE  INDEPENDENT  VARIABLES  CAUSES  THE 
FOLLOWING  PERCENTAGE  CHANGE  IN  ANY  ONE  OF  THE  DEPENDENT  VARIABLES . 

-INDEPENDENT  VARIABLES - 


1.  ATMOSPHERIC  PRES  -  - -  1.4696E  01 

2.  FUEL  DENSITY . 5.O450E  01 

3.  OXID  DENSITY . 7-1380E  01 

4.  FUEL  PUMP  INLET  PRES -  7-7000E  01 

5.  OXID  PUMP  INLET  PRES -  5-3000E  01 

6 .  C*  CORRECTION  . 


1- 

-DEFENDENT  VAR  T  ARLES  - 

ENGINE  THRUST  -  -  6.0000E  04 

-0.4556 

ENGINE  ISP  -  -  -  2.3000E  02 

-0.4426 

ENGINE  MR  - -  2.2700E  00 

-0.0039 

ENGINE  FUEL  FLOW-  7-9770E  01 

-0.0096 

ENGINE  OXID  FLOW-  1.8110E  02 
_  -0.0145 


2- 

3- 

4- 

5“ 

6- 

0.5326 

0.0703 

0.0576 

0 

0.6494 

0.1462 

0.0341 

0.0182 

0 

1.1677 

-0.4054 

0.3016 

0.0200 

0. 

-0.4134 

0.6588 

-0.1688 

0.0243 

0 

-0.2268 

0.2674 

0.1256 

0.0461 

0 

-0.6462 

Figure  10  .  Sample  Table  of  Influence  Ceoff icienti 

as  Printed  by  High-Speed  Digital  Computer 
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Calculations  Involving  an  Engine  Type 

Suppose  it  were  desired  to  determine  the  thrust  of  the  engine  described 
by  the  sample  table  of  influence  coefficients  when  operated  under  the 
following  conditions: 


<» 


1.  Atmospheric  pressure 

=  1.40  psia 

2.  Fuel  density 

=  50.45  lb/cu  ft 

3.  Oxidizer  density 

=  69.55  lb/cu  ft 

4.  Fuel  pump  inlet  pressure 

=  69.30  psia 

3.  Oxidizer  pump  inlet  pressure 

=  59.55  psia 

Because  the  influence  coefficients  are  linear,  the  total  effect  of  several 
influences  acting  simultaneously  on  an  engine  can  be  determined,  by  adding 
the  individual  effects  of  each  influence.  The  change  in  engine  thrust 
would  be 


(Fp  )  + 

a 


(F  n  ) 
~o 


(F  p) 

'  F 


(Fp  ) 


+ 


(Fp  ), 

0 


(1) 


Where  Fg,  P&,  P^,  Pq,  etc.,  are  the  actual  values  of  these  parameters 
for  the  problems  considered. 
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Fg  ,  Pg  P^  ,  P  ,  etc.,  are  the  initial  or  base  values  of  these 
i  i  i  i 

parameters . 

,  P  ,  P  ,  P  ,  etc..,  are  the  nominal  values  of  these  parameters, 
N  M  M  N 

listed  in  the  table  of  influence  coefficients. 


,  F q  ,  etc.,  are  the  influence  coefficients  for  engine 
F  '  o 

thrust  found  in  the  appropriate  columns  of  the  table  of  influence 

coefficients. 


For  calculations  involving  an  engine 

same  as  the  nominal  values,  and  F„  * 

’  E 

p  ,  etc.  1 

l'VT 


type, 


the  initial  values  would  be  the 


the  calculation  for  the  example  stated  above  would  be  as  follows: 


Fg  -  60,000 

60,000 


(■L4?4-6^-696)  <-«■«*>  *  (*o.») 


50,45 


*  <~ S?i:3l138>  (*™»  *  (-^yoo7  00) 


*  (»•»  -  W  °°)  (0) 

'  53-00  '  ' ' 


Fg  -  60,000 
60,000 


-0.9047- (-0.4556)  +  0(+0. 5326) 

-0.0256  (+0.0703)  -  0.1000  (+0.0576) 

+0.1236  (0)  =  +0.4046  or  +40.46  £ 
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Fe  =  +0.4046  (60,000)  +  60,000 

Eg  =  +24,276  +  60,000  =  84,276  pounds 

The  incremental  thrust  change  has  been  found  to  be  +24,276  pounds  for  the 
conditions  stated,  yielding  a  final  engine  thrust  of  84,276  pounds. 

Calculations  Involving  a  Specific  Engine. 

When  the  values  of  actual  engine  parameters  differ  from  those  used  as 
nominal  values  in  the  table  of  influence  coefficients,  the  "delta 
method"  of  application  of  influence  coefficients  iB  used.  ThiB  pro¬ 
cedure  consists  of  computing  an  incremental  change  of  variables  rather 
than  a  percentage  change  of  these  variables.  The-  incremental  change 
is  then  applied  to  the  actual  engine  value.  ThiB  effect  can  be 
accomplished  by  using  Eq.  (l)  if  the  quantities  P„  ,  P  ,  p„  ,  p  , 
etc. ,  are  defined  as  the  actual  engine  values  of  t&ese  parameters* 

All  other  quantities  are  as  defined  previously. 


NONLINEAR  CORRECTIONS 


A  special  computational  procedure  has  beep  devised  to  extend  the  useful¬ 
ness  of  engine  influence  coefficients.  This  technique  is  used  to  allov 
nonlinear  corrections  to  be  made  for  certain  parameters  vhere  the  linear 
approximation  is  not  sufficiently  accurate.  An  example  of  this  method 
is  the  c*  correction  (Cc#) .  In  this  case,  a  plot  of  Cc#  vs  the  change  in 
engine  mixture  ratio  is  included  with  the  table  of  influence  coefficients. 
Similarly,  other  nonlinear  corrections  vould  be  applied  as  additional 
terms  in  the  sumnation  of  effects. 
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A  typical  plot  of  these  parameters  is  shown  below: 


JlGO 


fChange  in  Engine  Mixture  Ratio 
1 100  ■VKominal  Engine  Mixture  Ratio 


) 


100$ 


The  change  in  engine  mixture  ratio  is  computed  for  the  changes  in 
atmospheric  pressure,  propellant  densities,  etc. ,  and  with  the  assump¬ 
tion  that  the  c*  correction  is  zero.  With  this  change  in  engine  mixture 
ratio,  the  c*  correction  is  read  from  the  curve.  This  value  of  c*  correc¬ 
tion  is  used  with  the  other  independent  variables  to  compute  the  changes 
in  the  remaining  dependent  variables. 


For  example,  if  the  change  in  engine  mixture  ratio  accompanying  the 
+40.46$  thrust  change  in  the  preceding  example  were  -0.62$, then  the 
c*  correction  from  the  curve  is  -0.10$.  The  true  change  in  engine 
thrust  is  therefore: 

($  change  in  F^  *  +40.46  -  0.10  (+0.6494)  -  +40.40$) 
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Similarly,  other  nonlinear  corrections  would  be  applied  as  additional 
terms  in  the  summation  of  effects. 


LV-2A  INFLUENCE  COEFFICIENTS 

Current  influence  coefficients  for  the  LV-2A  propulsion  system  are  pre¬ 
sented  in  Tables  8  and  9.  Table  8  includes  the  additional  effect 
of  fuel  temperature  on  system  performance  while  considering  fuel  density 
a  constant.  Any  density  change,  therefore ,  is  considered  independently. 

The  effects  of  engine  mixture  ratio  on  c*  in  terms  of  a  correction  appear 
in  Fig.  11  . 
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INFLUENCE  COEFFICIENTS'  FOR  THE  YLR79-W 
AND  LR101-NA-11  VERNIER  ENGIN] 


A  Vjo  increase  in  any  one  of  the  inde 
following  percentage  change  in  any  o 

Independent  Var 

1.  Atmospheric  Pressure,  psia  14.696 

2.  Fuel  Density,  lh/cu  ft  53.170 

3.  Oxidizer  Density,  lb/cu  ft  71.380 

4.  Fuel  Pump  Inlet  Pressure,  psia  48.000 

Dependent  Variables 

Nominal 

Values 

1 

Engine  Thrust  Without  Verniers,  pounds 

170,000. 

-0.1472 

Engine  Specific  Impulse  Without  Verniers,  seconds 

252.26 

-0.1404 

Engine  Mixture  Ratio  With  Verniers 

2.1500 

-0.0001 

Engine  Fuel  Flow  With  Verniers,  lb/sec 

217.13 

-0.0067 

Engine  Oxidizer  Flow  With  Verniers,  lb/sec 

466.83 

-0.0068 

Vernier  Oxidizer  Flow,  lb/sec 

6.4860 

-0.0056 

Vernier  Fuel  Flow,  lb/sec 

3.5637 

-0.0058 

Vernier  Thrust,  pounds 

2112.0 

-0.1702 

Thrust  Chamber  Nozzle  Stagnation  Pressure,  psia 

551.53 

-0.0069 

Fuel  Pump  Outlet  Pressure,  psia 

901.35 

-0.0091 

Oxidizer  Pump  Outlet  Pressure,  psia 

861.27 

-0.0089 

Pump  Speed,  rpm 

6260.8 

-0.0051 

TABLE  8 
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;•  FOR  TIIE  YLR79-NA-13  THOR  MAIN  ENGINE 
•11  VERNIER  ENGINES  (PUMP-FED) 


y  one  of  the  independent  variables  causes  the 
e  change  in  any  one  of  the  dependent  variables 

Independent  Variables 

14.696  5.  Oxidizer  Pump  Inlet  Pressure,  psia 

53.170  6.  c*  Correction 

71.380  7.  Fuel  Temperature  (at  constant  density),  F 

48.000 

53.000 

1.0000 

60.000 

ial 

tes 

1 

2 

3 

4 

5 

6 

7 

— 

— 

— — 

— 

— 

— 

— » 

100. 

-0.1472 

-0.6862 

I.8O30 

-0.0178 

0.0685 

1.0844 

-0.0039 

:6 

-0.14.04 

-0.0736 

0.2228 

-0.0017 

0.0085 

1.1346 

-0.0001 

10 

-0.0001 

-1.6245 

1.6197 

-0.0533 

0.0614 

-0.0374 

-0.0256 

3 

-0.0067 

0.5003 

0.4707 

0.0204 

0.0179 

-0.0178 

0.0138 

3 

-0.0068 

-1.1242 

2.0903 

-0.0329 

0.0794 

-0.0552 

-0.0119 

0 

-O.OO56 

-0.7031 

1.6793 

-0.0193 

0.0563 

0.4534 

-0.0060 

7 

-0.0058 

0.3569 

0.6199 

0.0085 

0.0256 

0.3638 

0.0076 

0 

-0.1702 

-0.6315 

1.7772 

-0.0176 

0.0604 

0.5157 

-0.0046 

3 

-0.0069 

-0.5675 

1.5463 

-0.0145 

0.0588 

0.9510 

-0.0029 

5 

-0.0091 

-0.3755 

1.3415 

0.0044 

0.0509 

0.5976 

0.0077 

7 

-0.0089 

-1.0884 

2.0517 

-0.0304 

0.0897 

0.6184 

-0.0093 

8 

-0.0051 

-0.6687 

0.6730 

-0.0189 

0.0256 

0.2659 

-0.0061 
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Figure  11.  c*  Correction  vs  Change  in  Engine  Mixture  Hatio 
for  the  YLR79-NA-13  Thor  Main  Engine 
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TRANSIENT  CHARACTERISTICS 


The  following  portion  of  this  report  is  devoted  to  a  detailed  descrip¬ 
tion  of  YLR79-NA-13  main  engine  and  LR101-NA-11  vernier  engines  transi¬ 
ent  operating  characteristics  during  starting,  stabilization,  and  cutoff. 
Considered  are  electromechanical  sequencing,  engine  systems  major  flows 
and  pressures,  and  start  tanks  refill  operation.  It  should  be  noted  that 
all  relationships  are  typical  of  static  firing  operation  but  are  con¬ 
sidered  good  approximations  of  missile  launching  conditions  as  well. 

Data  from  simulated  missile  starts  were  used  where  available. 
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START  AND  CUTOFF  SEQUENCE 

The  YLR79-NA-13  main  .engine  and  LR101-NA-11  vernier  engines  are  elec¬ 
trically  sequenced  for  appropriate  start  and  cutoff  operation.  All 
valves  are  pneumatically  operated  with  a  660  psia  regulated  gaseous 
nitrogen  supply.  Pneumatic  restrictors  (orifices)  ax;e  used  in  conjunc¬ 
tion  with  the  valves  to  provide  desired  actuation  delay  and  movement 
times. 

Figures  12  and  13  schematically  represent  electromechanical  start  and 
cutoff  sequence  requirements .  Figure  14  displays  the  average  time 
function  of  the  sequence  of  events  during  start  and  cutoff. 
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START  AND  CUTOFF  TRANSIENT  CHARACTERISTICS 

The  YLR79-NA-13  main  engine  and  LR101-NA-11  vernier  engines  are  ignited 
by  pyrophoric  cartridges  with  an  integrated  3tart-vernier  solo  tank 
system.  Main  chamber  ignition  flame  is  established  by  LOX  supplied  to 
the  injector  under  tank  head,  along  with  start-tank-supplied  igniter 
fuel  to  spray  disks  located  in  each  of  the  six  baffled  compartments. 

No  chamber  fuel  jacket  prefill  is  used.  Gas  generator  ignitors  are 
pyrotechnic . 

Figures  15  through  17  portray  typical  start  characteristics  (primarily 
propellant  flows)  of  the  pump  main  chamber,  and  auxilliary  systems. 
Figures  18  and  19  are  typical  oscillographic  recordings  (primarily 
pressures)  of  an  engine  start  and  cutoff,  respectively.  Vernier  engines 
were  simulated  during  this  tesh  Estimated  prelaunch  propellant  consump¬ 
tion  (ignition  start  to  90^  chamber  pressure)  and  start  tank  refill 
operation  are  presented  in  Tables  10  and  11 . 
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Figure  19  .  Main  Engine  Typical  Cutoff 
Oscillographic  Recording 
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TABLE  10 

PRE  LAUNCH  PROPELLANT  CONSUMPTION* 


System 

Propellant 

LOX,  pounds 

Fuel,  pounds 

Vernier 

6.17 

4.52 

Gas  Generator 

1.94 

5.38 

Ignition 

— 

3.12 

Total  Start  Tank 

8.11 

13.02 

Heat  Exchanger 

6.53 

Main  Chamber 

305 

130 

*Based  on  static  test  performance  with  15  to  30 
minute  LOX  chi  1  Mown 


TABLE  11 

START  TANK  REFILL  CHARACTERISTICS 


Normal  Test 

Stand  Start 

Missile  Simulated  Start 

Overboard 

Start 

Tank 

Refill  Time*, 
seconds 

Refill  Rate, 
lb/sec 

Refill  Time*, 
seconds 

Refill  Rate, 
lb/ sec 

Flowrate, 
lb/ sec 

Oxidizer 

22 

0.37 

50 

0.19 

0.20 

Fuel 

60 

0.20 

60 

0.20 

0.02 

*Time  from  90^  chamber  pressure  to  refill  indication 
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STABILIZATION  CHARACTERISTICS 

Gradual  stabilizing  of  pressure-flow  parameters  under  self-sustained 
operating  conditions  (bootstrapped  power  package)  is  a  characteristic 
of  liquid  propellant  engines  with  orificed  control  of  gas  generator 
propellant  supply  flows.  The  main  engine  generally  attains  stabilized 
operation  30  seconds  from  90$.  Varying  test  conditions  and  random 
engine  hardware  influences  can,  however,  result  in  stabilization  times 
ranging  from  15  to  35  seconds  from  90$. 

The  average  thrust  buildup  from  90$  to  stabilized  operation  is  shown 
in  Fig.  20.  Figures  21  through  23  present  typical  pump,  chamber,  and 
auxilliary  systems  stabilization  characteristics  (including  vernier 
engines).  The  test  from  which  the  latter  relationships  were  obtained 
stabilized  in  20  seconds,  which  is  not  an  abnormal  condition. 
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FROM  90  %  STABILIZED  MAIN  CHAMBER  PRESSURE,  SECONDS 


Figure  21. 


Main  Engine  System 
Stabilization  Characteristics 
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FROM  90%  MAIN  CHAMBER  PRESSURE, ~ SECONDS 


22  24  26  28  30 

Figure  22.  Gas  Generator  and  Auxiliary  Flova| 
Stabilization  Characteristics 
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Figure  23.  Vernier  System  Stabilization 
Characteristics 


